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Introduction
Consumers of clothes demand high levels of comfort, design and easy-care in their everyday bodywear. Comfort is usually regulated through interaction of human body with its microclimate and clothing. It is generally determined from a combination of sensorial, psychological and thermophysiological properties [1] . The human body generates metabolic heat and sweat is produced as a part of the natural mechanism to dissipate the extra heat not needed by the body. An uncovered human body can control the heat loss during strenuous activity, as sweat evaporates quite easily, thus leaving no accumulated sweat when that activity stops. Evaporated sweat carries body heat away, thus cooling it down [2] .
However, clothes can act as a barrier to the body heat and moisture loss. It is, therefore, necessary to wear such clothes that support the body achieving thermal and moisture equilibrium with its environment and generate a comfortable microclimate next to the skin [3] . This is particularly crucial in order to enhance the performance of the wearer in applications like sports and active wear, as clothes with undesirable thermal, moisture and air resistance properties not only decrease the comfort level but also affect the body performance [4] . Textile fabrics with excellent moisture management and heat control properties are available and are widely used for different types of clothing. These fabrics are claimed to have excellent comfort and performance properties due to their quick drying rates and efficient movement of moisture away from the skin with excellent breathability [5] [6] [7] .
Knitted fabrics are widely used in sportswear due to their excellent stretch and recovery, porosity, air permeability, softness and warmth. Several research studies have been conducted in the past concerning performance, moisture management and thermal comfort aspects of knitted fabrics [8] [9] [10] [11] . Kane et al. [12] studied the effect of fabric density on water absorption properties of fabrics. They observed that double pique fabric, which has greater density than single jersey fabrics, shows better water drop absorption. However, the authors did not study the interlock structure and the effect of knitting machine gauge. Ibrahim et al. [13] studied the effect of knitting structure and finishing treatments on the comfort properties of textiles. They concluded that single jersey fabric takes longer to absorb water droplet as compared with single pique fabrics. It was observed that thick knitted fabric gave warmer sense [14] . Moreover, it was found after a comparative study of different knitted structures that the open construction 3D eyelet fabric has better water vapour permeability than that of micromesh, pique and mock rib structure [15] . Transmission of liquid moisture has also been investigated for towels and it has been found that as the thickness of fabric or fibre volume increases, more resistance is offered to moisture transmission [16] .
The knitting parameters and the type of structure not only affect the comfort but also the performance properties of the knitted fabrics [17] . Knitting machine gauge and the knitting stitch length are the two fundamental knitting parameters that directly affect all structure related properties of the knitted fabric [11, 18] . Singh et al. [19] studied the effect of stitch length of jersey fabric and reported that stitch length affects its shrinkage in a direct manner. Available literature does not reveal the effect of knitting stitch length and machine gauge on the 3D moisture management and air permeability of the interlock knitted fabrics. The aim of this work is to fill this gap by investigating these key thermo-physiological comfort properties of the interlock fabrics. fabric specimens in three directions: spreading outwards on the top layer of the fabric, transferring from the top fabric side to the bottom fabric side and spreading outwards on the bottom side of the fabric. The change in water content in the top and bottom layer was then detected by the moisture sensors and recorded by the connected computer.
Air permeability was measured using air permeability tester (by SDL Atlas) following the standard test method ASTM D737. Fabric porosity was determined using equations (1) and (2) .
where ρb is the fabric density (g.cm-3) and ρs is the fibre density (g cm-3).
Fabric density = Fabric weight / Fabric thickness (2)
Here, fabric volume density is in g.cm -3 , fabric weight is in g.cm -2 and fabric thickness is in cm.
Results and Discussion

Physical Properties
The effect of knitting parameters on the physical properties of interlock fabrics and p-values from analysis of variance (ANOVA) for these effects are given in Tables 1 and 2 , respectively. ANOVA shows that input variables significantly affect the physical properties (p-values ˂ 0.05). Figure 1 explains that an increase in knitting stitch length results in decease in fabric mass per square metre (g/m 2 ; GSM) and increase in fabric thickness. The fabric produced with the lowest knitting machine gauge (needles/inch) and the highest stitch length has the highest thickness and the lowest GSM, whereas the fabric produced with the highest machine gauge and the lowest stitch length has the highest GSM. With higher stitch length and lower machine gauge, number of knitting loops per unit area decreases leading to decrease in amount of yarn present in the unit area, which results in decrease in fabric mass per square metre. With less amount of yarn per unit area, the tightness factor (ratio of the fabric area covered by the yarn to the total fabric area) is less leading to higher fabric bulk and thickness, which is further accentuated because of higher shrinkage during fabric processing.
The effect of knitting parameters on the density and the porosity of the interlock fabric is shown in Figure 2 . It is clear that with increase in stitch length, the density of the fabric decreases. The density and the porosity of the fabrics are inversely proportional. The fabric produced with the lowest machine gauge and the highest stitch length gives the highest porosity and the lowest density because of the lowest GSM and the highest thickness at these settings.
Moisture Management Properties
The knitting parameters primarily affect the physical properties of the knitted fabric such as GSM, thickness, density and
Experimental
Materials and method
A 100% cotton combed yarn spun with 25 tex linear density was purchased from Sapphire Fibres Pakistan. The chemicals used for the scouring and bleaching of the knitted samples comprised caustic soda (provided by Engro Chemical Ltd.), hydrogen peroxide (procured from Sitara Chemicals Ltd.), bleaching stabiliser (Stabilizer CT provided by Chromatex Chemicals Ltd.), detergent and wetting agent (Hostapal NI extra provided by Clariant Pakistan Ltd.) and sequestering agent (Alkaquest AM 700 procured from Alka Chemicals Pakistan Ltd.), respectively. All these chemicals were of industrial/ commercial grade.
Knitting of Samples
The interlock fabric samples were knitted on a Mayer and Cie double knit machine with 20 and 18 (needles per inch) gauges, while 0.31, 0.32 and 0.33 cm knitting stitch lengths (also called loop length) were used at each machine gauge.
Scouring and Bleaching
All the knitted fabric samples were scoured and bleached together as a single processing lot in Gaston County pressurised winch machine. Samples were processed at 110°C for 15 minute with 4.0 g/L caustic soda, 6.0 g/L hydrogen peroxide, 0.5 g/L Stabilizer CT, 2.0 g/L Hostapal NI extra and 0.4 g/L of Alkaquest AM 700. The treated fabric samples were then hot washed, rinsed and tumble dried.
Testing and Evaluation
The testing of fabric samples was performed using five replicates of each sample. Fabric thickness was measured using fabric thickness tester (by SDL Atlas) as per ASTM D1777 standard test procedure. Fabric mass per square metre was determined according to ASTM D3776. Moisture management properties of fabric samples were tested using Moisture Management Tester (MMT, by SDL Atlas) according to AATCC Test Method 195-2009. The properties defined in this method include wetting times, absorption rates, spreading speeds and wetted radius of top and bottom surfaces. Using these basic properties, cumulative one-way transport index and overall moisture management capacity are determined. Cumulative one-way transport index determines the amount of moisture transported from top to bottom surface of fabric, calculated by the difference in moisture contents of the two surfaces. The overall moisture management capacity determines the overall ability of the fabric to manage the moisture and is calculated from moisture absorption rate and spreading speed of bottom surface and cumulative one-way transport index [20] . To determine the moisture management capability of fabric, the fabric specimens were placed between top and bottom concentric sets of moisture sensors of the MMT. A predefined amount of test-water (representing synthetic sweat) was introduced at the top side of the fabric by a pump, and the test-water was then transferred to the Figure 3 illustrates the effect of knitting parameters on the fabric wetting time at the top (WT T ) and bottom fabric side (WT B ). Wetting time is the time in seconds taken by a measured drop of test-water for initial wetting of the fabric. Top fabric surface refers to that side of the fabric which initially comes in contact with the test-water drop and represents the side that would come in contact with the skin of a wearer and first encounter the wearer's perspiration. porosity, which in turn affect the mechanical performance and comfort properties of the fabric. The effect of knitting parameters on the two important comfort aspects of interlock fabrics, i.e. moisture management and air permeability, is given in Table 3 . P-values from ANOVA for effect of selected input parameters on these aspects are shown in Table 4 . The p-values in Table 4 show that input factors significantly affect the comfort properties (p-value ˂ 0.05). It is clear from Figure 3 that wetting time increases due to increase in stitch length and decrease in machine gauge for the interlock fabric. Knitting of fabric at lower gauge and higher stitch length result in a loose structure with larger air gaps. Fabric surface wetting is the replacement of fabric-air interface with fabric-water interface. In loose structures, the total hygroscopic cotton fibre surface per unit fabric area is less due to intermittent larger air gaps as compared with that in the tighter fabric structure. Hence, the water adsorption and wetting time are greater in case of loose fabric structures comprising hygroscopic cotton fibres.
The loosely knitted cotton interlock structures not only take longer time in initial wetting/adsorption, but their liquid moisture absorption rate is also lower, as shown in Figure 4 . Absorption rate is the average speed at which the test-water drop is absorbed by the fabric after initial wetting. The absorption is related to the tendency of the fabric to allow passing water autEX research Journal, Vol. 14, no 1, march 2014, doi: 10.2478/v10304-012-0045-1 © autEX http://www.autexrj.com/ 
Air Permeability
The effect of knitting parameters on the air permeability of the knitted fabric is shown in Figure 7 . It is clear that the air permeability of the interlock fabric increases with the increase through the inter-yarn, inter-fibre and intra-fibre spaces. Loose structures have more air entrapped in inter-yarn and inter-fibre spaces before wetting which may resist the water movement initiation in the inter-yarn and inter-fibre spaces.
Furthermore, in case of a loose structure, less number of total fibres and yarn is present per unit fabric area leading to less number of total hygroscopic fibres and capillaries in the fabric structure. In tighter structures, number of capillaries (with smaller diameters) are more per unit area as compared with that in the loose structure resulting in better capillary action due to higher capillary pressure for quicker absorption. Due to the same reasons, the water spreading speed and the maximum Figure 5 . Effect of knitting parameters on spreading speed Figure 6 . Effect of knitting parameters on maximum wetted radius autEX research Journal, Vol. 14, no 1, march 2014, doi: 10.2478/v10304-012-0045-1 © autEX http://www.autexrj.com/ absorption rate at the bottom of the fabric (AR B ), spreading speed at the bottom (SS B ) and accumulative one-way transport of the liquid moisture from the top to the bottom of the fabric. It could be an interesting future work to develop fabrics with simultaneous good air permeability and good overall moisture management capability.
Conclusions
It was concluded from this study that increase in knitting stitch length and decrease in knitting machine gauge result in decrease in the fabric GSM and the fabric density accompanied with in stitch length and decrease in the machine gauge. Loose knitted structures are more permeable to air owing to their higher porosity and lower density [21, 22] .
If we compare the air permeability trends vis-à-vis overall moisture management capability (OMMC) of the fabric as given in Figure 8 , it can be observed that the trends are almost opposite to each other. This means that if we try to improve the air permeability of the interlock fabric by making a porous structure with less gauge and higher stitch length, overall moisture management capability of the fabric will decrease and vice versa. Overall moisture management capacity, as mentioned above, is based on three attributes, i.e. moisture 
